The vierbien formalism can not be uniquely determined by the metric. This flexibility increases difficulties in studing their relation and properties, and easily leads to ambiguous results. Considering the importance of the interaction between spinor fields and the spacetime, in this paper we derive some explicit expressions for vierbien formalism and the transformation rules between metric and vierbein.
Introduction
The spinor fields couple the gravitational field via the vierbein and spinor connection, so the vierbein plays an important role in the study of interaction of spinor particles with spacetime. The covariant derivatives of a spinor have been constructed by several authors [1, 2, 3, 4, 5, 6, 7] , but their formalisms are somewhat different in form due to the not unique representation of the vierbein. This flexibility increases difficulties in resaerch and easily leads to ambiguous results. The motivation of this paper is to derive some important explicit expressions for vierbien formalism and the transformation rules between metric and vierbein.
In this paper, we choose the Pauli and Dirac matrices in flat spacetime as follows:
In the flat spacetime, the Dirac equation for bispinor φ has the form
Eq. (1.4) can be written as 5) where ψ, ψ are two Weyl spinors. Eq. (1.5) is the so-called chiral representation in gauge theory. Assume x µ be the coordinates, dX a be the local frame in the tangent space, then using the vierbein formalism for the curved spacetime we can write
where η ab = diag[−1, −1, −1, 1] is the Minkowski metric. In this paper, we use the Greek characters stands for curvilinear coordinates and Latin characters for local Euclidean coordinates. Denote the Pauli matrices in curved spacetime by
The Weyl spinor equation (1.5) in curved spacetime is given by
where ∇ µ = ∂ µ + Γ µ , ∇ µ = ∂ µ + Γ µ are the covariant derivatives acting on ψ and ψ respectively. Γ µ and Γ µ are the spinor affine connections satisfying
where
For Dirac bispinor φ,
we have the following covariant derivative
withΓ µ being the Fock-Ivannenko connection.
The Representation and Relationship between Vierbein and Metric
For metric g µν , assume the corresponding coordinates (x 1 , x 2 , x 3 ) are space coordinates and x 4 is time coordinate. This means the following definitions of J k are real number Make the LU decomposition of matrix (g µν ), we have the following solution Theorem 1. For LU decomposition
4)
with positive diagonal elements, we have the following unique solution 
where Λ = (Λ a b ) is the matrix of Lorentz transformation. Theorem 2 can be checked as follows
µ σ a , then we have the following derivatives
and ∂L a γ
where the double index γ, b and k are not dummy arguments, i.e., do not mean summation. In (2.10) and (2.11) we have set 
Or equivalently,
From (2.13) we learn ∂ρα ∂gµν is covariant for curvilinear coordinates, but not covariant for vierbein in the tangent space generally. However for the diagonal metric, both of the two covariances hold. So we have Corollary 5. For diagonal metric, we have
(2.14)
By (1.7), we have
(2.15) (2.13) and (2.15) form the transformation rules between the vierbein and the metric, which are important for deriving the energy-momentum tensor of spinors [8] and studying the spinor covariant derivatives [9] . The following are some useful formulae. (F1). By (1.7) and (2.1), we have
(F2). For any vector A µ , by (2.13) we have
(F4). As a special case of (2.16), for A µ = ρ α we have
(F5). This nonzero quantity results in gravimagnetic fields which can be detected by the internal spin of a particle. The concrete formulae will give in [8, 9] . (P2). If F µν α = 0, by theorem 4, it means spinor equation violates local Lorentz invariance, that is to say, the principle of equivalence is just valid for the drifting movement, but invalid for the spin movement of a particle in the skew spacetime.
(P3). F µν α may be a useful function for studying the properties of the spacetime manifold, and F µν α = 0 seems also to be closely relative to the orthogonal spacetime.
